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Lab 3: BJT Digital Switch 

Objectives 
The purpose of this lab is to acquaint you with the basic operation of bipolar junction transistor (BJT) 

and to demonstrate its functionality in digital switching circuits. 

Introduction 
Before we start, let’s do a review on the I-V characteristic of BJT and the principle of BJT inverter. 

A transistor has three terminals, so we can plot more than one I-V curve. However, the most useful I-V 

curve to understand the transistor behavior and to help design circuits is the one that plots the collector 

current (IC) as a function of the collector-emitter voltage (VCE), as those shown in Fig. 3-1. Note that 

there is a different curve for every different value of the base current (IB) or equivalently the base-

emitter voltage (VBE). 

To determine the operating point of a BJT, both IB (or VBE) and IC (or VCE) need to be determined. 

Typically, IB (or VBE) is set by the input and IC (or VCE) is determined collectively by the BJT and the load—

usually a resistor or another transistor (active load). The I-V characteristic of the load is called the load 

line when plotted and overlaid on the I-V curves of the BJT. 

 

Figure 3-1: IC - VCE characteristic for varying IB values of a 2N3904 NPN BJT 
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For example, a BJT amplifier with a resistive load is shown in Fig. 3-2. 

 

Figure 3-2: BJT with a resistive load 

The load resistor RC that is placed in the collector-emitter loop will define the load-line equation, 

 𝐼𝐶 =  
𝑉𝐶𝐶−𝑉𝐶𝐸

𝑅𝐶
 (3-1) 

We can plot the IC – VCE relationship defined in Eq. 3-1 on top of the I-V curves of the BJT, thus obtaining 

the load line. This is done and shown in Fig. 3-3. 

To find the operating point of the BJT, i.e. the IC and the VCE, we need to know the value of the base 

current so that we can select one of the BJT curves in the figure.  Then the operating point is defined by 

the intersection of the load line and the BJT I-V curve. 

 

Figure 3-3: Load line and three operation regions of BJT 
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There are three possible operation regions for a BJT we can see along the load line. 

 Saturation region: In this region the collector current does not increase for any increase in the 

base current. The collector essentially acts like a voltage source of 0.2V-0.3V. 

 Forward-active region (FAR): In this region the collector current increases proportionally to the 

increase in the base current. For a fixed base current, the collector acts like a current source to 

the load. The ratio of the collector and base currents defines the current gain of the BJT. 

 Cut-off region: In this region the collector current is very small and we can consider it as zero. 

Now that we have learned the three regions, it is important to know in which regions a digital inverter is 

supposed to work. We will use the BJT inverter shown in Fig. 3-4 to illustrate this. 

(Note: the same circuit also functions as a BJT common-emitter amplifier by tweaking the bias voltages 

of the circuit – this will be discussed in Lab 4.) 

 

Figure 3-4: BJT inverter configuration 

To function as an inverter means that the BJT will work in only two states, the “on” and “off” states or 

the “high/1” and “low/0” states. These two states usually correspond to the cut-off and the saturation 

regions of operation. Since we do not want the transistor to operate somewhere in between the two 

states, we would like the inverter to have an input-output voltage transfer function exhibiting a steep 

slope in the transition (or middle) region, as shown in Fig. 3-5. 

The inverter transfer characteristic can be further explained as follows. The circuit is going to yield 

nearly zero volts at the output, i.e., “low” or “0” state, when you apply a “high” or “1” input. The 

converse is also true—the voltage at the output is “high” or “1” when you apply nearly zero volts at the 

input.  The relationship between the input and output voltages/currents is shown in Eqs. 3-2 and 3-3.  

These equations should help you design your circuit. 

 𝐼𝐵 =
𝑉𝐼𝑁 − 𝑉𝑓

𝑅𝐵
 (3-2) 

 𝑉𝑂𝑈𝑇 = 𝑉𝐶𝐶 − 𝛽𝐹
𝑅𝐶

𝑅𝐵
(𝑉𝐼𝑁 − 𝑉𝑓) (3-3) 

where Vf is the turn-on voltage of the base-emitter junction and βF is the current gain (IC/IB) of the BJT. 
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Figure 3-5: Transfer characteristic for different ratios of RC/RB of an inverter 

The trip point of an inverter is determined by drawing a line with a slope of 1 through the origin; and the 

intercept point of the line and the inverter transfer curve is the trip point or trip voltage of that inverter. 

The trip voltage is also called the transition voltage sometimes. 

Preparation 
We will be using a BJT as a digital switch in the inverter and follower configurations. See Fig. 3-6 for 

schematics of these two circuits. Note that an inverter is supposed to “invert” the input signal, i.e., a 

“high/low” or “1/0” input will yield a “low/high” or “0/1” output; while the follower is supposed to 

derive a “non-inverting” output, i.e., a “high/low” or “1/0” input will yield a “high/low” or “1/0” output 

as well. This is the fundamental difference between the two circuits. 

 

Figure 3-6: BJT inverter and follower configurations 
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For the inverter circuit, use PSpice to do the following: 

1. Obtain the I-V curves of the 2N3904 BJT as those shown in Fig. 3-1. You can accomplish this by 

performing a DC sweep of VCE with a secondary sweep of IB. 

2. Use a 2k resistor as your load, i.e., RC = 2k, and a VCC of 10V.  Plot the load line.  Use this plot to 

show where the different operation regions of the BJT are, label them.  Give the approximate 

base current ranges that will make the transistor to operate in these regions. 

3. Find the value of RB needed to produce a transition voltage of approximately 2.5V when a 0V-5V 

square wave is applied at the input. You may assume Vf = 0.7V and use Eqs. 3-2 and 3-3 to do 

rough hand calculations first. 

4. Obtain the input-output voltage transfer function of the inverter. Identify and label the three 

operation regions here also. Determine the input voltage range for the three different regions. 

5. Use a 1kHz, 0V-5V square wave at the input and perform a transient simulation to find the 

waveform of Vout, label the “high” or “1” level and the “low” or “0” level of the inverter. 

For the follower circuit, use PSpice to do the following: 

1. Derive the load-line equation for the follower circuit (similar to Eq. 3-1) and repeat the load line 

simulation. Use a 2k resistor for both RB and RE, and a VCC of 10V.  Use this plot to show where 

the different operation regions of the BJT are, label them. 

2. Obtain the input-output voltage transfer function of the follower. How many different operation 

regions can the BJT assume in this case? Identify and label these operation regions. Determine 

the input voltage range for these different regions. 

(Hint: Can the BJT enter saturation region under normal operation in this case?) 

3. Use a 1kHz, 0V-5V square wave at the input and perform a transient simulation to find the 

waveform of Vout, label the “high” or “1” level and the “low” or “0” level of the follower. 

Procedure 
Your goal in this experiment is to design a digital switching circuit that can light an LED in series with a 1k 

resistor using the two configurations you studied—the inverter and the follower. You need to replace 

the RC or RE in Fig. 3-6 with the LED in series with a 1k resistor. Determine the best value of RB for your 

inverter and follower. Record the values and explain how you made your selection. 

You will need to measure the following curves and show how you use them for your designs. 

 I-V characteristics of the BJT (using BJT_iv_curve.vi in LabView) 

 I-V characteristic of the LED in series with a 1k resistor (using iv_curve.vi in LabView) 

Once the circuit is working, use the function generator (set to a sufficiently low frequency) to monitor 

the LED turning on and off. Use the oscilloscope to capture the VCE waveform of the BJT. Use the 

LabView program scopegrab.vi to capture the waveforms. 
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Lab 3  Report Instructions 
 

Besides the general guidelines, report the following specifics for this lab: 

From preparation 

1. Show PSpice schematic of the inverter circuit with BJT (2N3904) from Fig. 3-4. Use only current 

input IB to the base. Run a primary DC sweep for VCE (0 to 10V) and a secondary sweep for IB (0 to 

100uA), plot the I-V curves.  

2. Run a new DC sweep (primary and secondary) of the above circuit after changing Rc value from 1k 

to 2k, plot the I-V curves similarly and the load line (Eq. 3-1) on the same graph. Show on the plot 

where the three different regions are, give the ranges for the base current for each region.  

3. Calculate Rb from IB=(Vin-0.7V)/Rb to make the BJT work in the digital regime when a 0-5V square 

wave is applied as the input to the inverter.  

4. For both circuits in Fig. 3-6, run a DC sweep for Vin (0-5V), plot input-output transfer curve and 

identify the operation regions.  

5. Run transient analysis with a square wave input (1kHz, 0-5V), plot Vout, show “1” and “0” levels.  

From procedure 

1. Plot the I-V characteristic of the BJT obtained using BJT_iv_curve.vi.  

2. Plot the I-V characteristic of the LED with a 1k resistor obtained using iv_curve.vi.  

3. Plot the output waveform for both the inverter and voltage follower circuits in Fig. 3-6 captured from 

oscilloscope using scopegrab.vi. Show the rms, peak-to-peak, and average values. 


